Basal cell carcinoma (BCC) is one of the major types of skin cancer arising from keratinocytes. The SONIC HEDGEHOG pathway is deregulated in 100% of sporadic BCCs, as indicated by the overexpression of PATCHED, whose product encodes the receptor of SONIC HEDGEHOG, in 100% of analyzed BCCs. Reverse transcription-PCR analysis revealed that exposure to UVB irradiation, which is a risk factor known to contribute to BCC development, induces a strong and sharp decrease of PATCHED mRNA level both in vitro and ex vivo. 
INTRODUCTION
Nonmelanoma skin cancers are the most frequent neoplastic affliction in human beings, with increased prevalence in the white population. The two major types of nonmelanoma skin cancer known are basal cell carcinoma (BCC) and squamous cell carcinoma, which both develop from the main epidermal cell type, keratinocytes. BCC and squamous cell carcinoma can be distinguished clinically by their frequency and metastatic and differentiation potentials. In the general population, the frequency of both nonmelanoma skin cancers increases dramatically with sun exposure and age. Strikingly, BCC occurrence (but not squamous cell carcinoma) is exacerbated in the nevoid BCC syndrome [NBCCS (also called Gorlin's syndrome)], which results from germ-line mutations in one of the PATCHED alleles (1, 2) . PATCHED is a segment polarity gene originally discovered in Drosophila (3, 4) . It encodes a protein with 12 putative transmembrane domains that was identified as the receptor of the diffusible protein SONIC HEDGEHOG [SHH (5, 6) ]. The SHH signaling pathway is required for accurate regulation of proliferation in PATCHED-expressing cells. Studies in Drosophila and laboratory mice have described the essential function of the SHH regulatory pathway in developmental patterning of various organs and tissues such as the neural tube, limbs, and skin and its appendages.
PATCHED plays a major role in this pathway by regulating posttranslational modifications and hence activity and subcellular distribution of the SMOOTHENED transmembrane protein (7) . In the absence of SHH, PATCHED acts as a constitutive repressor of SMO activity. In contrast, the presence of SHH abrogates PATCHEDmediated SMO inhibition and results in transcriptional activation of SHH target genes, leading to cell proliferation via GLI transcriptional factors. Most notably, SHH-induced SMO activation increases the transcription of PATCHED itself, suggesting a retro regulation loop. The detection of PATCHED transcript accumulation in 100% of BCCs analyzed (8) suggests a deregulation in the SHH pathway and hence a mutation in one of the protagonists of this pathway in every BCC. Also, experimental deregulations of the SHH pathway in transgenic animals overexpressing SHH (9) and in PATCHED heterozygote knockout mice (10, 11) have led to a significantly increased proneness toward spontaneous and induced BCC-like tumors, respectively.
In this study, we took into account that about 50% of the detected PATCHED mutations in sporadic BCC are C to T transversion or CC to TT tandem mutations (i.e., resulting from UV-induced DNA lesions; Ref. 12 ) and that BCCs from xeroderma pigmentosum patients, who have impaired DNA repair capacity, exhibit a high level (about 75%) of PATCHED mutations, of which about 80% also result from UV-induced DNA lesions (13) .
These data have suggested to us that UV light, as seen for the prototype tumor suppressor P53 gene product (14) , could modulate expression of the PATCHED gene in epidermal cells.
In this study, we show that the PATCHED mRNA level decreases dramatically after exposure of human epidermis ex vivo and cultured epidermal keratinocytes to a moderate dose of UV (UVB; 305-320 nm) irradiation. Furthermore, we prove that this abrogation results from the repression of PATCHED promoter activity and demonstrate that this mechanism relies specifically on activation of the activator protein (AP)-1 pathway.
MATERIALS AND METHODS
Skin Sample Culture. Volunteers 1-3 were 3, 24, and 28 years old, respectively. Pieces of human skin were irradiated as described below and maintained in culture at the air-liquid interface for a maximum of 48 h (15).
Cell Culture. Normal keratinocytes were obtained from abdominal surgery on a 3-year-old child and cultured as described by Rheinwald and Green (16) on a feeder layer of X-ray (60 Gy)-irradiated Swiss 3T3 fibroblasts. All experiments were performed using keratinocytes at passages 3-6.
The Cell and Skin UV Irradiation. For mRNA preparation, irradiations were performed on postconfluent cultures of keratinocytes (i.e., 6 or 7 days after confluence). UVB irradiations were performed as described previously and using the same materials (19) . Briefly, cells were rinsed twice with PBS prewarmed to 37°C and irradiated. To avoid interference between the effects of irradiation and those resulting from new serum supplementation, cells were fed with the same medium that covered them before irradiation. Freshly isolated normal human skin was cut into 1-cm 2 pieces; rinsed for 10 min in PBS containing fungizone, penicillin, and streptomycin; rinsed with PBS prewarmed to 37°C; and exposed to 1000 J/m 2 UVB. Chemicals. SP600125 (anthrapyrazolone 1,9-pyrazoloanthrone), a selective inhibitor of JNK, was purchased from Sigma Chemical Co. (St. Louis, MO). Concentrated stock solutions of SP600125 (20 mM) in DMSO were diluted into the culture medium. DMSO alone was used as control.
RNA Preparation and Reverse Transcription (RT)-PCR. Skin pieces were laid flat and frozen with liquid nitrogen. Horizontal 60-m cryostat cuts permitted recovery of whole epidermis with minimal dermis contamination. Total RNA from epidermis cuts was obtained according to the manufacturer's instructions using the RNeasy mini-kit (Qiagen).
Total RNA was extracted from cultured cells according to the method of Chomczynski and Sacchi (20) . Reverse transcription was performed using oligo(dT) (15) with GIBCO Superscript II reverse transcriptase, according to the manufacturer's protocol. cDNA was amplified with 2 units of Taq DNA polymerase (Roche). Primers used for PATCHED amplification are PATCHED5651F (5Ј-GATAAGAGCTCCGGGGGATTC-3Ј) and PATCH-ED6033R (5Ј-CACAGTAGCTTAGGCTTCAGCCC-3Ј). Primers used for GAPDH amplification are hGAPDH701F (CCAAGGCTGTGGGCAAGGT-CAT) and hGAPDH1236R (TGACAAGGTGCGGCTCCCTAGG). PATCHED and GAPDH cDNA fragments were amplified in separate tubes under semiquantitative conditions.
All GAPDH and PATCHED RT-PCR products were analyzed in the same experiment by 2% agarose gel electrophoresis followed by SYBR staining and scanning (STORM; Molecular Dynamics, Sunnyvale, CA). Results of scanning were processed using ImageQuant software (Amersham Biosciences, Amersham, United Kingdom) and plotted.
Plasmid Construction. PATCHED-luc consists of a 4.4-kb fragment of the 5Ј-regulatory region of human PTCH1 (21) controlling the firefly luciferase reporter gene in pGL3-Basic vector (Promega, Madison, WI). PP1-luc, PP2-luc, and PP3-luc were constructed by insertion upstream of the luciferase gene in pGL3-Enhancer vector (Promega) of various fragments of the 5Ј-regulatory region of human PATCHED1 (nucleotides 1-1526, 1447-2907, and 2843-4404, respectively), which were prepared by PCR. PP2-3, which encompasses nucleotides 1729 -4404, was constructed by deletion of a fragment of PATCHED-luc. K5-luc was constructed by insertion of a 0.9-kb fragment of the 5Ј-regulatory region of human cytokeratin K5 (22) upstream of the luciferase gene in pGL3-Enhancer vector (Promega). Human K5 promoter gene was a generous gift from Dr. M. Blumenberg (New York University School of Medicine, New York, NY).
Transient Transfection Assays. Keratinocytes were seeded 48 h before transfection at 1.1 ϫ 10 4 cells/cm 2 . Twenty-four h before transfection, cells were rinsed with PBS and fed with keratinocyte serum-free medium (GIBCO/ BRL, Bethesda, MD) containing 30 g/ml bovine pituitary extract, 0.1 ng/ml epidermal growth factor, 0.1 mM CaCl 2 , 20 IU/ml penicillin-streptomycin, and 0.5 g/ml fungizone. Immediately before transfection, the medium was changed for keratinocyte serum-free medium containing 0.1 mM CaCl 2 . MEFs were seeded 24 h before transfection at 3.3 ϫ 10 4 cells/cm 2 . The plasmid ratio was determined so that gene reporter activities range in measurable values (PATCHED-luc/RSV-␤-Gal, 1000/200; K5-luc/RSB-␤-Gal/pSK ϩ , 15/500/700; PPX-luc/RSV-␤-Gal, 100/1000; PATCHED-luc/ CMV-␤-Gal/RSV-AP-1 member, 1000/100/1000). Plasmids were transfected using FuGENE 6 reagent (Roche). Irradiation and sham irradiation were performed 24 h after transfection. Luciferase and ␤-galactosidase (␤-Gal) activities were measured using the luciferase assay system and ␤-Gal enzyme assay system kits (Promega). The transcriptional activity of the human PATCHED 5Ј-regulatory region was calculated as normalized light units in treated cells/normalized light units in sham-treated cells ϫ 100. All transfections were repeated at least twice, in duplicates, thus representing at least four experimental points.
Western Blot Analysis. Ten g of protein extract were separated by a 12% acrylamide-SDS electrophoresis. Protein samples were then transferred onto polyvinylidene difluoride membrane (Amersham Biosciences) and probed with a polyclonal anti-c-JUN antibody (sc-45; dilution, 1:1000; Santa Cruz Biotechnology, Santa Cruz, CA). Blots were revealed using electrochemiluminescence reagents according to the manufacturer's instructions (Amersham Biosciences).
RESULTS

UVB-Induced Decrease of PATCHED mRNA in Normal Epidermis and Differentiated Cultures of Keratinocytes.
To study the impact of UVB on PATCHED mRNA accumulation, RT-PCR was performed on RNA extracted from postconfluent cultures of human wild-type epidermal keratinocytes at various times after irradiation. A single UVB irradiation (500 J/m 2 ; i.e., about 70% cell survival; Ref. 23 ) resulted in a marked decrease in PATCHED mRNA level 4 -8 h after irradiation. Under these circumstances, the level of PATCHED mRNA was fully recovered 24 h after irradiation (Fig. 1, A and B) .
To determine whether the decrease of PATCHED mRNA after UVB was relevant to the in vivo situation, freshly biopsied skin of several normal volunteers in the same phototype range was maintained in explant cultures and irradiated or not irradiated (Fig. 1C) . In the absence of UV irradiation, the PATCHED mRNA level was similarly expressed at a fairly low (about 2-3 times less than that in postconfluent keratinocyte cultures as shown in Fig. 1A) but detectable level in all three individuals tested. Exposure to a moderate dose of UVB (1000 J/m 2 ) resulted in a dramatic decrease (about 80%) of PATCHED mRNA levels relative to those of the GAPDH control gene, which remained unchanged. The maximal repression of the PATCHED mRNA level was found between 4 and 8 h after irradiation. In these three samples, PATCHED mRNA level returned to its initial value 24 -48 h after UVB irradiation. These data indicated that (a) PATCHED is expressed at a low level in the epidermis, (b) Fig. 1 . PATCHED mRNA decreases after UVB irradiation of human epidermis and cultured primary keratinocytes. RNA was extracted from either confluent cultures of primary normal human keratinocytes (A and B) or explants of freshly biopsed epidermis (C) at the indicated times after exposure to a single dose of UVB. PATCHED and GAPDH cDNA were amplified by PCR as described in "Materials and Methods." A, separation of reverse transcription-PCR products on 2% agarose gels. Wild-type keratinocytes A and B refer to two independent primary human normal keratinocyte strains tested. B, levels of PATCHED to GAPDH in irradiated keratinocytes (500 J/m 2 ) relative to that obtained in nonirradiated cultures are plotted. C, levels of PATCHED to GAPDH in irradiated human skin samples (1000 J/m 2 ) relative to that obtained in nonirradiated ones are plotted. B, gray line, wt keratinocytes A; black line, wt keratinocytes B. C, dotted line, volunteer no. 1; dashed line, volunteer no. 2; black line, volunteer no. 3.
PATCHED mRNA level decreases after UVB irradiation, and (c) the half-life of PATCHED mRNA is quite short. Dose-Dependent PATCHED Transcriptional Repression after UVB Irradiation. To monitor possible effects of UVB on PATCHED gene transcription, we used a reporter construct harboring 4.4 kb of the 5Ј-regulatory region of the human PATCHED gene. Primary cultures of normal human epidermal keratinocytes were transfected with this construct and exposed to a single UVB dose (1600 J/m 2 ) corresponding to the IC 10 in these cells (23) . The relative level of reporter gene activity was then measured at various times after irradiation (Fig. 2) . UVB induced a sharp decrease in the transcriptional activity of the PATCHED promoter. The minimal value was observed 10 -15 h after irradiation, where it was about 30% of that of shamirradiated controls. Transcriptional activity of the reporter was fully restored 30 h after irradiation. We also performed irradiation at doses ranging from 100 to 1600 J/m 2 and measured the reporter activity 10 and 30 h after irradiation. As shown in Fig. 3 , this experiment underlines the dose-dependent repression of UVB irradiation on PATCHED promoter. To verify that these observations did not result from alteration of the firefly luciferase activity by UVB, keratinocytes were also transfected with a reporter plasmid bearing the human K5 keratin gene promoter upstream of the same reporter gene and irradiated under the same conditions. Relative activity of the K5 promoter remained constant after UVB irradiation (Fig. 3) , pointing out the specificity of UVB-induced repression of PATCHED gene transcription.
Functional Dissection of the PATCHED Gene Regulatory Region. To delineate which of the promoter regions are responsible for UVB-induced PATCHED repression, three overlapping fragments (PP1, nucleotides 1-1526; PP2, nucleotides 1447-2907; and PP3, nucleotides 2843-4404) of the 4.4-kb regulatory region of the PATCHED gene were inserted upstream of the reporter gene (Fig.  4A) . Their respective reporter activities were measured in keratinocytes after transfection and UVB irradiation (1600 J/m 2 ) followed by a 15-h postirradiation period (a time necessary to reach maximal down-regulation of the 4.4-kb promoter activity; Fig. 2 ). Reporter activity of PP1-luc was slightly (about 20%) increased by UVB. In contrast, activities of both PP2-luc and PP3-luc were repressed by 30%. A fourth fragment (PP2-3, nucleotides 1729 -4404) encompassing PP2 and PP3 was then constructed, and its response to UVB was analyzed. Activity of PP2-3-luc was repressed by 60% after UVB irradiation, suggesting additive responses of PP2 and PP3 to UVB (see Fig. 4B ).
Role of AP-1 in PATCHED UVB-Induced Repression. To assess a priori which regulatory transcriptional pathway could be involved in UVB-induced repression of PATCHED gene expression, we performed in silico analyses. Among numerous putative regulatory DNA sequences, we paid special attention to four sequences resembling the AP-1 canonical binding sequence [TGA(C/G)TCA] located in the PATCHED regulatory region. AP-1 is a complex transcriptional factor known to mediate UVB-modulated gene expression. Two putative variant AP-1-binding sequences were found in the PP2 promoter DNA fragment (AP-1-1, 2124: TGAGTAA; AP-1-2, 2313: TGAAT-CA-numbers indicate the 5Јnucleotide of the AP-1 binding sequence in the PATCHED promoter), whereas the two others were located in the PP3 promoter fragment [AP-1-3, 3461: TGAGTGA; AP-1-4, 4303: TAATTCA (Fig. 4A)] .
To test the functionality of those putative variant AP-1 sites, transcriptional activity of the full-length PATCHED promoter was meas- Fig. 3 . UVB-induced PATCHED transcriptional repression is specific and dose dependent. Keratinocytes cotransfected with either the PATCHED-luc reporter and RSV-␤-Gal control vectors (PATCHED) or the K5-luc and RSV-␤-Gal control vectors (K5) were exposed or not exposed (sham irradiation) to a single increasing UVB dose as indicated. Cells were then harvested 10 or 30 h after irradiation as indicated. Fig. 4 . Functional dissection of the 5Ј-regulatory region of the human PATCHED gene. In silico analyses predicted the presence of four putative activator protein (AP)-1 sequences (A). The possible implication of these sequences was then assessed by dividing the PATCHED gene 5Ј-regulatory region into three subfragments (PP1, PP2, and PP3) cloned upstream of the luciferase reporter gene. A fourth fragment encompassing PP2 and PP3 (PP2-3) and containing all four of the putative AP-1 sequences identified was also constructed. Nucleotide delineating ends of each DNA fragments are indicated. In B, keratinocytes cotransfected with the indicated PPX-luc reporter and the RSV-␤-Gal control vectors were exposed or not exposed (sham irradiation) to a single 1600 J/m 2 UVB irradiation 30 h after transfection. Cells were then harvested 15 h after irradiation. Fig. 2 . UVB represses PATCHED mRNA accumulation through a transcriptional mechanism. Keratinocytes cotransfected with the PATCHED-luc reporter and the RSV-␤-Gal control vectors were exposed or not exposed (sham irradiation) to a single 1600 J/m 2 UVB irradiation. Cells were then harvested at the indicated times after irradiation. The relative transcriptional activity of the PATCHED promoter was calculated after normalization of transfection efficiency using ␤-galactosidase values as standard (see "Materials and Methods"). ured in cotransfection experiments using expression vectors for AP-1  members [i.e., c-FOS, FOSB, FRA-1, and FRA-2 and c-JUN, JUN-B,  and JUN-D, which belong to the FOS and JUN family, respectively] . JNK phosphorylates JUN proteins after UVB irradiation (24) and thereby enhances their capacity to regulate target gene transcription. This kinase thus plays a pivotal role in UVB-induced AP-1 activation. To confirm the AP-1 requirement for PATCHED UV-induced transcriptional repression, PATCHED transcriptional activity was measured in cells in which JNK activity was abrogated either stably by genetic manipulations or transiently by chemical inhibition.
First, PATCHED transcriptional activity was evaluated after exposure to UVB of MEFs from either wild-type embryos or embryos in which JNKs 1 and 2 have been inactivated by knockout experiments. As shown in Fig. 6A , down-regulation of PATCHED transcription after UVB irradiation occurred in wild-type MEFs, but was abolished in JNK1/2 Ϫ/Ϫ MEFs. As a control, we checked that UVB regulation of PATCHED transcription was maintained in MEFs with disrupted IKK␥ gene (NEMO Ϫ/Ϫ MEFs), which encodes an essential component of the nuclear factor-B transduction pathway (25) . These data indicate that the AP-1 pathway, but not the nuclear factor-B pathway, is an essential component of UVB-induced down-regulation of PATCHED gene transcription.
Second, PATCHED transcriptional activity was measured in keratinocytes preincubated with a selective inhibitor of JNK (SP600125) for 15 h before irradiation. Under these conditions, UVB-induced repression of PATCHED promoter was no longer observed, underscoring the requirement of c-JUN activation for this UV-induced response (Fig. 6B) .
DISCUSSION
UV irradiation and, in particular, the UVB wavelength play a major role in the modulation of protein abundance, regulating transcriptional, posttranscriptional, and posttranslational mechanisms (26) . In response to the UV mutagenic insult, various and complex pathways are regulated to ensure adequate control of the cell cycle, leading to inhibition of proliferation and allowing DNA repair mechanisms to proceed.
Exposure to UV light has been clearly established in the etiology of skin tumors from keratinocyte origin. Most notably, the high frequency of mutations in the PATCHED tumor suppressor gene in BCCs has put forth the SHH pathway as a key player in epidermal homeostasis (27) , and this has been confirmed by analysis of the effects of SHH on the proliferation capacity of keratinocyte cultures (28) . However, because a possible role of this pathway in the response of epidermal cells to UV irradiation has remained unexplored, we attempted to determine whether exposure of human epidermis and cultured keratinocytes to UVB radiation may affect PATCHED gene expression. 
Down-Regulation of PATCHED
rapid (4 -8 h after irradiation) decrease of PATCHED mRNA level. The UVB dose (500 J/m 2 ) used to irradiate keratinocytes in culture led to about 70% keratinocyte survival as measured by clonal analysis. Using a 4.4-kb-long 5Ј-regulatory region of the human PATCHED gene, we showed that decrease of PATCHED mRNA accumulation results, at least in part, from transcriptional repression. Mean inhibition of PATCHED transcription measured using luciferase assay (i.e., in preconfluent cultures for efficient transfection) occurred 10 -15 h after irradiation and was about 60% (Fig. 2) , whereas decrease of PATCHED mRNA accumulation in postconfluent keratinocyte cultures was almost total 4 -8 h after exposure to 500 J/m 2 UVB irradiation (Fig. 1B) . It was then worth noting that both kinetics and amplitude of regulation were slightly different, depending on whether analyses were carried out by RT-PCR or by transfectionmediated luciferase assay. Differential kinetics of regulation could result from different mRNA half-life of endogenous PATCHED and luciferase transcripts. In addition, the luciferase assay reflects the activity of the reporter protein, the production of which may be delayed compared with that of the endogenous PATCHED transcript. Also, differential amplitudes of regulation of mRNA accumulation and transcription assay could be linked to differences in rates of keratinocyte proliferation inherent to experimental conditions of either RT-PCR (postconfluent cultures) or transfection analyses (preconfluent cultures). Indeed, preliminary experiments indicated that the decrease of PATCHED mRNA accumulation in preconfluent cultures was much lower (about 60%; data not shown) than that seen in postconfluent cultures of normal keratinocytes.
AP-1 Oncoproteins Mediate UVB-Induced Transcriptional Repression of PATCHED through Variant TREs. In silico analyses of a 4.4-kb 5Ј-regulatory region of the PATCHED gene revealed four putative AP-1 sequences (AP-1-1 to AP-1-4; Fig. 4A) . A major actor of the AP-1 family is c-JUN, which is one of the earliest UVresponsive genes (29) . Transcriptional activation of AP-1 target genes (including c-JUN itself) requires rapid phosphorylation of c-JUN by stress-activated JNKs 1 and 2. Indeed, the amount of the c-JUN protein was dramatically and rapidly increased after UVB irradiation (Fig. 5B) , probably as a consequence of increased transcription and its activation by stress-activated JNK. The pivotal role in UVB-induced transcriptional repression of PATCHED after UVB could be demonstrated by complementary approaches based on transfection of AP-1 members, use of JNK1/2 knockout mouse embryonic fibroblasts, and use of the pharmacological SP600125 JNK inhibitor. In addition, ionizing radiation failed to modulate PATCHED gene transcription (data not shown). The latter observation was in agreement with the lack of JNK activation in mouse fibroblasts exposed to ionizing radiation (30) and indicated that the prominent role of AP-1 activation in UVB-induced transcriptional repression of PATCHED exhibits some specificity.
AP-1 has been mostly characterized by its capacity to transactivate target genes (31) . However, it has also been shown to act as a transcriptional repressor of target genes through its direct binding to whereas overexpression of FRA-1 and FRA-2 results in its up-regulation. First, these differences may be explained by the fact that each AP-1 member harbors a specific function. Indeed, it is known that different AP-1 dimers exhibit different transcriptional activities (33, 34) . Second, AP-1 members exhibit an activation specificity. JNKs phosphorylate c-JUN and, to a lesser extent, JUN-D and do not phosphorylate JUN-B (35) . c-FOS (36) and FRA-1 (37) activation requires activity of the extracellular signal-related kinases. Basal activity levels of JNKs and extracellular signal-related kinases without UV stimulation may differ in our cultures conditions and thereby lead to differential activation of transfected AP-1 members.
Physiological Impact of UVB-Induced Transcriptional Repression of PATCHED. Transcriptional repression of tumor suppressor gene after exposure to a genotoxic stress such as UV radiation may appear paradoxical. However, the example of dual opposite regulation (i.e., transcriptional and posttranslational) of the prototypic tumor suppressor gene P53 by UV radiation sheds much light in this respect. c-JUN constitutively represses P53 gene transcription (32) , suggesting that UVB-induced activation of c-JUN may result in repression of P53 transcription. However, the P53 protein accumulates after UV irradiation of normal cells and in cells lacking c-JUN (32), suggesting the requirement of an AP-1-independent process for this stabilization. On one hand, P53 accumulation ensures quasi-immediate G 1 -S block, allowing DNA repair of UV-induced lesions to proceed. On the other hand, transcriptional repression of P53 may limit production of aberrant proteins from lesion-bearing mRNAs.
Like P53, PATCHED contributes to regulation of the cell cycle. PATCHED physically and functionally interacts with cyclin B1, an M-phase promoting factor. In the absence of stimulatory signal (SHH) of the SHH pathway, PATCHED binding to cyclin B1 inhibits its nuclear translocation and thus its cell cycle resumption activity. PATCHED-induced repression of cyclin B1 is released by its binding to SHH (38) . UV-induced DNA damage is known to prevent cyclin B1 nuclear translocation (39), a process expected to limit cell proliferation. In this context, it will be very important to determine the fate of the PATCHED protein after UV irradiation. However, the lack of any reliable antibody able to specifically recognize the endogenous PATCHED protein remains a strong limitation in this regard.
Proliferation versus Differentiation: Is c-JUN a Dual Modulator of Epidermal Homeostasis? In most tissues studied, AP-1 subunits have been shown to promote cell proliferation. In this context, it may appear paradoxical to observe that in the epidermal compartment of skin, AP-1 subunits have been described rather as transcriptional factors implicated in the differentiation process. c-JUN and c-FOS have been detected predominantly in suprabasal (i.e., postmitotic) epidermal layers (40) . Accordingly, most AP-1 target genes identified thus far encode suprabasal markers of keratinocyte differentiation including transglutaminase (41) , loricrin (42) , or K6 cytokeratin (43) .
However, P53, the prototype suppressor gene whose inactivating mutations are associated with more than 50% of BCC and squamous cell carcinoma (44) , is expressed in the basal epidermal layer (45) . In turn, P53 transcriptional activity is directly repressed after c-JUN activation, allowing exit from P53-imposed growth arrest (46) . c-JUN and P53 activities on cell cycle regulation must then necessarily operate within keratinocytes of the basal epidermal layer. These data suggest an important role for c-JUN in the control of proliferation of basal epidermal keratinocytes. Similarly, a high level of PATCHED mutations has been reported in BCC (27) , an epidermal tumor presumably originating from cells residing in the hair follicle area or basal epidermis. Our present demonstration that c-JUN also represses PATCHED transcription further strengthens the hypothesis that c-JUN plays a dual role in the epidermis by constitutively regulating supra-basal differentiation, on one hand, and inducibly (e.g., after UV) controlling cell cycle actors in basal keratinocytes, on the other hand.
UV Regulation of PATCHED Expression in NBCCS Patients: Clues to BCC Development? Patients suffering from NBCCS bear a mutated allele of PATCHED that most often encodes a truncated, presumably inactivated PATCHED protein (47) . If transcriptional repression of PATCHED expression results in a decreased amount of the PATCHED protein, exposure of NBCCS keratinocytes to UV irradiation could result in exacerbated haploinsufficiency. Such a mechanism could explain the high proneness of NBCCS patients to BCCs, especially in sun-exposed body areas. To limit spontaneous and UV-induced skin tumorigenesis, NBCCS patients are often treated with retinoic acid (48), a well-characterized inhibitor of the AP-1 pathway (49). Our present finding identifying AP-1 as a key regulator of PATCHED gene expression thus sheds light onto molecular regulations contributing to BCC development in NBCCS patients as well as in the general population and may help improve the prevention and treatment of sporadic and familial BCCs.
